Background: Exercise-induced bronchoconstriction (EIB) describes airway narrowing that occurs in association with exercise. Exercise in hot and cold environments has been reported to increase exercise-induced bronchoconstriction (EIB) in subjects with asthma. However, to our knowledge, the effect of hot and cold environment on pulmonary function and EIB in trained males has not been previously studied. The main goal of this research was to examine the influence of environmental temperature and high intensity interval exercise on pulmonary function in trained teenage males. Also, this study sought to assess the influence of exercise and environmental temperature on EIB. Materials and Methods: Thirty trained subjects (mean age 16.56±0.89 yrs, all males) underwent high intensity interval exercise testing (22 minutes) by running on a treadmill in hot and cold environments under standardized conditions (10 ºC and 45 ºC with almost 50% relative humidity in random order in winter and summer). Lung function (flow volume loops) was measured before and 1, 5, 15, 30 and 60 min after the exercise by digital spirometer. Data was analyzed using SPSS software and P<0.05 was considered significant. The diagnosis of EIB was made by 10% fall in FEV1 post-exercise. Results: The post-exercise maximal reduction in forced expiratory volume in 1s (FEV1), peak expiratory flow (PEF) and average forced expiratory flow rate over the middle 50% of the FVC (FEF25-75) increased significantly compared to pre-exercise at 10 ºC with almost 50% relative humidity (cold air). The obtained values were: -15.93(15min post-exercise), -22.53 (1 min post-exercise) and -18.25%(5min post-exercise). Post-exercise maximal reduction in FEV1, PEF and FEF25-75 increased significantly compared to pre-exercise value at 45 ºC with almost 50% relative humidity (hot air). Obtained values were: -10.35 (1 min post-exercise), -9.16 (1 min post-exercise) and -7.39 (5 min post-exercise). Changes in FEV1, PEF and FEF25-75 reduction in cold air was significantly greater than in hot air (P<0.05). Maximal prevalence of exercise-induced bronchoconstriction (EIB) in cold and hot air was 60% (18 of 30 subjects) and 40% (12 of 30 subjects), respectively. Conclusion: This study demonstrated that pulmonary function in hot and cold air was influenced by temperature (in the same relative humidity (50%) and also high intensity interval exercise. Prevalence of EIB after high intensity exercise in hot and cold air increased in trained adolescent males; however, these changes in cold air were greater than in hot air among trained adolescent males. Therefore, results of this study suggest that adolescents (although trained) should avoid high intensity (95% maximal heart rate) exercise in winter (extremely low temperature) and summer (extremely high temperature) to prevent EIB.
INTRODUCTION
The term exercise-induced bronchoconstriction (EIB) describes the acute transient airway narrowing that occurs during and most often after exercise in 10 to 50% of elite athletes, depending on the type of sport (1-4). Other terms that have been used to describe the symptoms associated with EIB include: exercise asthma, exercise airway hyperreactivity, exercise-induced asthma (EIA), skier asthma, skier cough, hockey cough, or cold-induced asthma. All are attempts to characterize the condition of airway narrowing resulting from exercise that is typically accompanied by symptoms of cough, wheeze, chest tightness, dyspnea or excess mucus (5) . Etiology of EIB is that breathing relatively dry and cold air during exercise causes the airways to narrow by osmotic and thermal consequences of evaporative water loss from the airway surface (1, 6, 7). In addition, dehydration of the small airways and increased forces exerted on to the airway surface during severe hyperpnoea are thought to be the key factors in determining the occurrence of injury of the airway epithelium. The injury-repair process of the airway epithelium may contribute to the development of the bronchial hyper-responsiveness that is documented in many elite athletes (8) . These stimuli most often occur after exercise with the maximum response typically 5-15 minutes post-exercise and generally resolve spontaneously with airway function returning to normal levels within 20 to 60 minutes after exercise (6, 9) . The various EIB testing protocols often demand different exercise intensities, which influences the results of EIB tests. Exercise intensity is an important parameter that must be monitored during EIB testing (3) . McFadden at el, in 1979 and Strauss at el, in 1978 reported that the incidence and severity of EIB increased when exercise was performed in a cold/dry environment; conversely, incidence and severity reduced after exercise in warm, humid conditions (10, 11) . Most of the previous reports have evaluated the effect of breathing cold air through a mouthpiece, while the subjects are exposed to laboratory environmental temperature. Only very few studies have investigated the effect of whole body exposure to cold and hot air on lung function and EIB in trained teenagers (4, 12, 13) . Wilber et al. (14) found that 18 to 26% of Olympic winter sport athletes and 50% of crosscountry skiers had EIB. Of the 50 elite summer athletes studied, with and without asthma, Holzer et al. (15) found that 50% had EIB. Mannix et al. (16) (17, 18) .
As far as we know, while a variety of protocols, modes, and methods have been used to provoke EIB, it is best assessed by a standardized exercise test. Lately, it has been stated that an exercise load corresponding to 95% of maximum heart rate (HRmax) is preferable to obtain a high sensitivity (19) . Many studies found that any exercise test of sufficient intensity and duration, under ambient dry-air conditions, can be used to elicit a bronchoconstricting response for EIB screening. It is best to employ an exercise challenge that mimics the individual's actual athletic event.
Studies documenting the prevalence of EIB and asthma in winter sport athletes have presented a different picture, with a doubled prevalence than that of the summer athletes (14, 16, 20, 21 Many studies describing the prevalence of EIB in elite athletes have used survey data from medical history questionnaires (23) . Therefore, the primary objectives of this investigation were: 1) to determine the effects of highintensity exercise on EIB in trained teenagers, 2) to assess (compare) EIB in hot and cold temperatures after highintensity exercise in this group, and 3) to determine the prevalence of EIB in cold and hot environments in trained teenagers.
MATERIALS AND METHODS
This laboratory study was performed in three separate phases: 
Controlling relative humidity and temperature:
The high intensity test in cold environment was humidity (%) and temperature in cold environment is shown in Table 1 . 
B. Testing:
High intensity exercise protocol: Maximum heart rate is best determined by a progressive, maximal exercise test.
We calculated the maximum heart rate (HRmax) of individuals using the formula below:
HRmax=220-age All these tests (PFT test before exercise, high intensity exercise protocol, PFT tests after exercise) were carried out in a cold environment. Each subject was evaluated in the Respiratory Pathophysiology Laboratory of the same Department. Children were tested between 9:00 AM to 12:00 PM in a climate-controlled laboratory (with the above-mentioned temperature and relative humidity) (34).
Third phase: testing in summer (hot environment)
A. Before the test: Subjects were asked not to drink coffee or other caffeine-containing beverages on test days and to refrain from strenuous exercise for 24 h prior to testing.
Control of relative humidity and temperature:
High intensity testing in warm environment was humidifier (V105CM, Japan) was used to control the humidity before, during and after exercise. However, the heater was not used. Mean (± SD) relative humidity (%) and temperature in the hot environment is shown in Table 2 . High intensity exercise protocol: Maximum heart rate was best determined by a progressive, maximal exercise test.
We calculated the maximum heart rate (HRmax) of individuals using the formula below for warm environment:
HRmax=220-age
The high-intensity training consisted of a 1) brief 3-min warm-up with light jogging, 2) followed by five intervals 
RESULTS
Demographic data and baseline lung function are presented in Table 3 . Baseline lung function (FEV1, FEF and PEF) did not differ significantly in the two test (Table 4 and Figure 2 ).
Reduction in FEF25-75 after exercise in the hot environment was noted at all time points; maximal reduction in cold and hot environments was -18.25% (at 5 min after exercise ) vs. -7.39% , respectively (at 5 min after exercise) (Figure 3) . Also, maximal reduction in PEF (after exercise) in cold and hot environments was -22. 53% (at 1 min after exercise) and -9.16%, respectively (at 1 min after exercise), (Figure 4 ). Table 4 showed the magnitude of EIB after high intensity interval exercise in cold and hot temperatures.
Maximal prevalence of EIB at 10ºC and 50% relative humidity was 60% (18 of 30 subjects), after inhaled cold air in high intensity interval exercise. However, when subjects inhaled warm air (45ºC and 50% relative humidity) maximal prevalence of EIB was lower than in other conditions (inhaling cold air). Maximal prevalence of EIB in hot temperatures was 40% (12 of 30 subjects). Table 5 showed the magnitude of EIB after high intensity interval exercise in cold and hot temperatures based on type of sport. Maximal prevalence of EIB at 10ºC and 50% relative humidity was seen in endurance running after inhaling cold air in high intensity interval exercise.
However, when subjects inhaled warm air (45ºC and 50% relative humidity) maximal Prevalence of EIB was lower compared to inhaling cold air. Maximal prevalence of EIB in hot temperature was seen in endurance running. Table 5 . Prevalence of exercise-induced bronchoconstriction based on the type of sport (10% fall in FEV1).
Post tests Variables 10ºC and 50% Relative humidity Number(subjects)
45ºC and 50% relative humidity Number(subjects) Soccer(8 subjects) 4 3 Volleyball (7 subjects) 3 2
Martial arts(Taekwondo, Karate) (6 subjects) 2 1
Wrestling(3 subjects) 1 1
Pre test-post test 1 min
Endurance running(6 subjects) 6 5 Soccer(8 subjects) 3 2 Volleyball (7 subjects) 3 2 Martial arts(Taekwondo, Karate) (6 subjects) 1 0 Wrestling(3 subjects) 1 0
Pre test-post test 5 min
Endurance running(6 subjects) 6 5 Soccer(8 subjects) 5 1 Volleyball (7 subjects) 4 0 Martial arts(Taekwondo, Karate) (6 subjects) 2 0 Wrestling(3 subjects) 1 0
Pre test-post test 15 min
Endurance running(6 subjects) 6 2 Soccer(football)(8 subjects) 4 3 Volleyball (7 subjects) 3 2 Martial arts(Taekwondo, Karate) (6 subjects) 1 0
Pre test-post test 30 min
Endurance running(6 subjects) 6 5 Soccer(8 subjects) 1 1 Volleyball (7 subjects) 1 0 Martial arts(Taekwondo, Karate) (6 subjects) 0 0 Wrestling(3 subjects) 0 0
Pre test-post test 60 min
Endurance running(6 subjects) 4 2 Table 5 ).
Concerning FEV1, we found significant differences in did not find statistical differences in FEV1 in healthy subjects before and after exercise in both environments.
They also found a higher FEV1 fall for asthmatics in low temperature than in high temperature after exercise.
It is also important to highlight that the majority of experimental designs described in the literature normally used higher temperatures and relative humidity ranges than those employed in our study. Mannix and colleagues Wilson and colleagues (38) showed that there was a significant % fall in FEV1 after two 7 min treadmill exercise challenges at 80% maximum heart rate, separated by a 30 min rest both for warm humid and thermo-neutral conditions. However, the results of Wilson and colleagues study supported our findings, but there are differences in temperature, relative humidity and intensity exercise between the two investigations. Also, Therminarias et al. (61, 49) . In addition, we in our data have shown that prevalence of EIB was higher than documented in other studies (16, 20, 62, 63) . This result is the consequence of physical exertion, particularly when it is intense and prolonged, causing significant stress to the respiratory system, from the associated hyperventilation and increased airway exposure to contaminants of inhaled air (64, 65) . Recent studies have generally shown a higher prevalence of airway hyperresponsiveness in athletes, particularly those performing winter sports such as crosscountry skiing, ice skating, or hockey than in the general population (20, 66) . More and more reports suggest that many athletes have a physician-made diagnosis of asthma or show an abnormal fall in expiratory flows after exercise challenge tests (67, 68) . Thus, both high intensity interval exercise and low/high temperature (regardless of relative humidity) secondary to higher EIB than other study.
However, in our investigation, EIB in high temperature was lower than in cold air. Based on the above mentioned literature, results show that high intensity interval exercise in low temperature causes higher EIB than in high temperature in adolescent athletes. These results confirm that muscular exercise in a cold environment requires both warming and humidification of large amounts of inspired air, resulting in a loss of heat and water from the respiratory tract. While these losses are known to induce airway obstruction in subjects with bronchial hyperresponsiveness, their effects are not well defined in normal nonatopic subjects. According to some authors, normal subjects do not develop measurable obstruction in response to airway cooling (60, 61) , whereas other authors claim that they respond by developing measurable obstruction when the stimulus is sufficiently great (58, 59 ).
The pathophysiology of EIB in athletes has not been well understood (4) . Under these conditions, the origin and mechanisms involved in the development of bronchial obstruction are still under debate (69, 70) . Thus, further investigations are required in this respect.
Key points
• The primary stimulus for EIB is water loss from the airway surface liquid with subsequent release of bronchoconstricting mediators or inflammation in upper respiratory system due to high intensity interval challenge.
• The time interval (between phases of running on a treadmill) can be a very effective stimulus for EIB.
• The cold air laboratory challenge is an effective test for EIB.
• The high temperature laboratory challenge is an effective test for EIB.
• The high intensity interval exercise in cold air causes a higher EIB prevalence.
